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Figure S1. Type and use of each element used in the present study.
As the screws are rotating in the same direction, each screw picks up the material and drags it towards the intermeshing region shown in Figure S2 [1] [2] [3] [4] [5] [6] . However, because the two screws are closely intermeshed, the materials have little opportunity to pass through the intermeshing regions, and subsequently move in a figure-of-eight pattern, as well as in an axial direction [3] [4] [5] [6] [7] [8] .
Nevertheless, these materials will be obstructed by the width of the adjacent screw and form a circulatory flow if they are close to the flight flank [9] . Therefore, transport of the materials is restricted proportionally by increasing the width of the kneading block elements [3] . Dispersive mixing, or exfoliation of nano-fillers is carried out by an aggressive function of the kneading blocks, occurring in the clearances between the flight tips of the element and the intermeshing zones [9] . In these regions, the polymer melt experiences combined forces of shear and elongation, as shown in Figure S3 [8] . However, effective distributive mixing is achieved by circulating flow in the melt pools at a low shear rate, and separating in the intermeshing zone [7] . N. Kim and coworkers analyzed the non-Newtonian flow using a Carreau-Yasuda model, observing that the temperature had increased significantly where the deformation rate was high, owing to the heat generated by the viscous dissipation [7] . The staggering angle in the kneading blocks also affected the efficiency of the distributive mixing, where it produced a backflow between the adjacent discs at a higher angle. The staggering angle was 45° for most of the kneading elements used in this study. Moreover, compressing the fluid by advancing the discs has increased the residence time in this region [7] . Mixing the molten is dispersive in nature because of the high viscosity and shear stress induced by the polymer melt [1] . Also, the heat required to melt the polymer is transferred by conduction, heated barrel, and convection [10] . However, the mechanical energy in a co-rotating twin screw extruder is mainly dissipated into heat by friction energy dissipation, plastic energy dissipation, and viscous energy dissipation [10] . The melting zone must, therefore, contain kneading elements followed by backflow elements for efficient melting [6] . 
